paper documents two-mid three-dimensional computational results for the baseline wing configuration (no control) with the experimental results. The two-dimensional results suggest that the mid-chord discontinuity does not effect the aerodynamics of the wing and can be ignored for more efficient computations. The leading-edge discontinuity significantly affects the lift and drag; hence, the integrity of the leading-edge notch discontinuity must be maintained in the computations to achieve a good match with the experimental data. The three-dimensional integrated performance results are in good agreement with the experiments inspite of some convergence and grid resolution issues.
Introduction
Increased attention has been devoted to the develop- only in terms of their edges, which are constructed in GRIDTOOL based on user-specified geometries.
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Figure 2: Two-dimensional grid for TAU0015 airfoil (top), leading edge region (middle), and aft portion of wing (bottom).
Grid characteristics such as cell spacing and stretching are also specified in GRIDTOOL by tile pla.cement of cell "sources". The outer boundary of the grid extends 10 chord lengths out from the airfoil geometry forming a box. Figure 3 shows the surface grid at the leading edge of the TAU0015 airfoil. The cells are clustered near the leading edge step region to resolve the geometry and capture the flow field characteristics at this discontinuity.
The volume grid has 1.85 million cells.
The sidewalls of the computational domain were treated as inviscid walls, with the remaining outer boundaries treated as characteristic inflow/outfiow surfaces.
No-slip viscous boundary conditions were prescribed on the airfoil surface. A more thorough discussion of the three-dimensional grids will be provided in the three-dimensional results section. In this section, the process of grid coarsening is discussed. Figure 10 shows the surface mesh at the leading edge of the refined TAU0015 grid.
Three-dimensional computational flow analyses were conducted on the TAU0015 for a Math number of 0.15 and chord Reynolds number of 1.2 million.
Tile angles of attack analyzed were 8°, 10°, 12°, 14°, and 22°.
Convergence for the three-dimensi0nal calculations was determined by two methods. The first method involved tracking tile solution residual until it dropped several orders in magnitude and started to level out.
For the second method_ the C_ and Ca were monitored to veri_, that. the solution had converged to a constant. The Cv distributions were evaluated at tile final solution and at 1000 iterations prior to the final solution to ensure they were not 10 ! iv. _, Figure  10 : Tt_ree-dimensional fine grid case TAU0015 airfoil.
for changing. Figure 11 shows the convergence history plots for the _ = 8 o case. The residual is reduced appro.,dmately 6 orders in magnitude and a nearconsta._,t lift coefficient is obtained in approximately 2000 iterations. Convergence for these steady flow computations is considered attained when C_ amt C,t changed less than 0.5% and 0.3%_ respectively, over the final 1000 iterations. All tile cases required between 3000 and 6000 it.orations to achieve this convergence criteria, except, for the c_ = 14°case which wilt be discussed later in this section. this angle of attack.
Tile fine grid case was halted after 11650 iterations before the convergence criterion was met due to the slow but. steady decrease in Ct. The Ct at this point was 0.796. Examining the solution files showed the separation line progressing forward along tile upper surface. Figure 16 shows the two-and three-dimensional computed pressure coefficient (Cp) for a = 14°compared with experiments. Clearly, the difference between the two-and three-dimensional results has increased for the poststall conditions. However; in this comparison, the three-dimensional results are in much better agreement with the experimental data over most of the airfoil.
The nearly converged surface pressure distribution (after 11650 iterations) along with particle traces on the upper surface are shown in figure 17 for = 14°. A distortion is observed in the separation front (spanwise curvature near leading edge). The particles traces from the leading edge run parallel to the flow field until the separation line is approached.
A spanwise bias to the separation fi'ont is observed symmetrically on both sides of the airfoil centerline.
In the reverse flow region, the particles traces move from just ahead of the trailing edge (x/c=.98) up to the separation line arid again turn outward toward the walls. It mas" be that the inviscid boundary conditions axe adversely impa.cting the flow such that the inviseid-side-wall/leading-edge-juneture is causing a spanwise bi_s to separation front. Similar results were also found with the coarse grid solution.
This behavior is not typical of inviscid boundary 
..,. ? In the analysis presented in figure 6 for the two- Also, the secondary leading-edge pressure spike over the actuator region in the three-dimensional computations is smaller than in the two-dimensional computations; therefore, the change in Ct is smaller in the three-dimensional analysis compared with the two-dimensional analysis.
Conclusions
Results from two-and three-dimensional unstructured grid Reynold-Averaged Navier-Stokes codes were compared against an experimental database for a NACA0015 airfoil modified at the leading edge to implement a fluidic actuator. This actuator caused a discontinuity at the leading edge. This paper doe- uments a comparison of computational results using the baseline airfoil (no control) with experimental data.
The two-dimensional results show that tile midchord discontinuity is insignificant and ea_l be faired over for more efficient computational studies. The leading-edge discontinuity significantly affects tile lift and drag; hence, the integrity of tile leading-edge notch discontinuity must be maintained in tile computations to achieve a good match with the experimental data.
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